Acidosis is so frequently put forward as the underlying pathological condition in such a variety of disorders that it is important to appreciate what actually are the metabolic manifestations of the acidotic state. Clinically one seldom if ever has an opportunity of studying acidosis uncomplicated by some such other factor as inanition or toxaemia. It is therefore advisable in an investigation of the metabolic reactions to a disturbance in acid-base equilibrium to have these secondary factors as far as possible excluded. This can only be done when the acidosis is induced in a healthy individual with the minimal amount of upset especially as regards food-intake, and such a condition is most nearly attained in the acidosis produced by the ingestion of ammonium chloride. Haldane' was the first to show that ammonium chloride taken in large amounts led to a marked acidosis owing to its ammonium moiety being converted to urea. Since then many papers have been published dealing with changes following the administration of this substance.
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The present research was undertaken primarily with the object of studying the changes in mineral metabolism during acidosis and, if possible, of correlating these changes with other metabolic phenomena. Most workers are agreed that there is an increased output of lime in the urine during acidosis. The effect on the faecal excretion of lime and the influence of the acidotic state on phosphorus metabolism have not, however, been clearly determined. Steenbock, Nelson and Hart2 have pointed out the detrimental effect of acid-forming diets on calcium retention and calcification in animals. Sawyer, Bauman and Stevens3 found an increased urinary output of calcium and phosphorus in two children during a period of high fat intake: in only one, however, was there an increase in the fwecal amounts of these substances, while in the other there was a decrease. In a study of acid and base-forming diets in adult women Bogert and Kirkpatrick4 did not obtain a constant change in the amount of feecal calcium during the period ofLcid-forming diet although the urinary lime was always increased.
ARtCHIVES 01' 1)ISEASE I-N CHILD)HOOD).
In infants Flood5 found that administration of N/10 HCl led to ino alteration in the retention of calcium, although this Present investigations. The subjects of the study were four apparently normal children N.G., femiiale aged 11 years; W.C., male, aged 9 years; N.M., female aged 10 years; and J.F., male, aged 91-years. Each had recovered from a mild attack of rheumatism. The diet throughout the period of the investigation was constant, consisting of cow's milk with sugar sufficient to satisfy the caloric requirements of the child. After at least three days on the arranged diet the urine and faeces were collected with the usual precautions for periods of seven or six days as stated. Thereafter 1 grm. of ammonium chloride was administered 5 times laily in capsule form. The exereta were again collected for a period of 7 days. In the case of N.M. and J.F. the ammonium chloride was continued so as to include a third period of 5 and 6 days respectively. In the case of N.M. 1 drm. of cod-liver oil was given thrice daily during this last period.
The individual metabolic changes will first of all be discussed separately. Thereafter an attempt will be made to correlate the various findings with special reference to the defence of the organism against acidosis.
Clinical features. No apparent change was produced in the appearance of ainy of the children during or following the ingestion of the ammonium chloride. In two cases the administration continued for a period of eighteen days without any sign of circulatory disturbance. The daily intake varied from 04166 to 0 247 grm. per kgrm. of body weight. Haldane produced in himself marked respiratory distress by taking one dose of 25 grm. of ammonium chloride, equivalent to 0 25 grm. per kgrm. of body weight. KoehlerlI found that administration of 10-1o grm. of ammonium chloride daily to well-developed adults produced definite symptoms of listlessness, thirst, diuresis and muscular aches: these subjects, however, were all patients recovering or recovered from lead-poisoning. Three explanations may be offered for the difference between our results and those recorded elsewhere. First, children may not be as susceptible as adults to the action of ammonium chloride. It is well known that children tolerate a much larger dose per kilogramme of body weight than adults of such a drug as salvarsan, It seems strange, however, that this should be the case with an acid-producing substance when the peculiar susceptibility of the young to disturbances of acid-base equilibrium is remembered. Secondly, the difference in the diets of our subjects and those of the adults may be of importance since milk contains an excess of fixed base over mineral acid. It is possible that this excess base enabled our subjects to withstand the acidosis more effectively than would otherwise have been the case. Thirdly, the division of the daily dose into five portions may have allowed the compensating reactions of the body to come into play before there was any necessity for visible extra effort on the part of the respiratory or other system. It seems to us that the last is the most likely explanation; but whatever the cause may have been, the absence of clinical manifestations of acidosis in no way invalidates this study for, as we shall show later, the blood analyses were indicative of a disturbance of the acid-base equilibrium towards the acid side. Our principal object was to study the Such an amount of circulating ammonia would almost certaindy have produced marked symnptoms of poisoning, as ammonia is a very toxic substanice. It is therefore highly improbable that the increase in noni-protein nitrogen is due to ammonia nitrogen. A more reasonable explanation is that the rise is the result of increased breakdown of tissue proteins consequent onI the disturbance of acid-base equilibrium. This view is supported by blood analyses in some cases of frank clinical acidosis (Table 3 ). It will be seen that in three cases (luring the stage of acidosis the non-protein nitrogen was increased, to fall to normal in the post-acidotic period. In cases of alkalosis where it also rises, the suggestion has been put forward that the cause is renal inefficiency. This can hardly have been the case in our subjects since, as will be seeni later, there was a definite increase in the urinary output of ammonia, a good inldication of uinimpaired renal function.
Metabolism of calcium and phosphorus. The intake and output of calcium and phosphorus in each case is detailed in Table 4 which also shows the retenition and the partition of these substances between uriine and feces. In Table 5 are given the results of the foecal analyses for calcium, phosphorus and fat.
It will be convenient to give a brief account of the results in each case, anid thereafter to summarize anid discuss the bearing of these fin(lings oin the general problem of mineral muetabolism. increased as the result of ani increased percentage of CaO in the faeces and also a rise in the weight of the dried feces. The urinary excretion of lime was also increased. The output of P205 by the urine was likewise raised, but the decreased retention of P2(5 was mainly the result of ani increased fecal contenit of this substance. As with lime the rise in fneal phosphorus was consequent on an increased perceintage output together with a rise in the faecal weight. The percentage of ash was also increased, while the percentage and absolute amounts of total fat and combined fatty acids were decreased.
w.c. The results here were practically identical with those recorded above. One point of (lifference may be noticed, namely, the fact that there was but little increase in the facal output of P20.5, the lowering of the retention value being due to a fairly marked rise in the urinary content.
J.F. In this case there were two successive periods on NH4Cl. The retentions of CaO and P205 were reduced during the first of the two periods but returned practically to normal in the second. There was a rise in the urinary (CaO in both periods, and the urinary P205 in each was practically unchanged. The reduced retentions of lime and phosphorus were due entirely to the increased foecal output resulting from a rise in the foecal weight; the percentages of ash, calcium and phosphorus were all reduced. The percentage of total fat in the fueces was increased during the first period because of the marked increase in free fatty acids, while in the second period the value for total fat was slightly below that of the normal. The percentage of combined fatty acid was reduced during both periods. N.M. With this subject there were two periods on NH4('Il, the first for 7 days and the second for 5 days during which time one dram of cod-liver oil was given three times daily in addition. A negative balance of both lime and phosphorus was found during each NH4Cl period, being much more marked on the second. The urinary output of lime and phosphorus was increased on both occasions, the increase in urinary phosphorus beinig much more marked in the second of the two periods. The percentages of lime phosphorus and ash in the foeces were increased, but the marked rise in the total faecal output of CaO and P205 was chiefly the result of the striking increase in the weight of dried foeces. In the first period the percentages of total fat and combined fatty acids were reduced but in the second, during which cod-liver oil was also administered, these percentages were increased slightly above those outlined in the normal period.
SUMMARY. There was in all cases a reduced retention of lime and phosphorus resulting from an increased output of these substances in both urine and faeces.
(a DiscussioN.-In spite of the large amount of work done in connection with calcium metabolism there is as yet no definite information as to the extent of absorption of this element, and it is still a matter for conjecture how much of the ftecal calcium has been absorbed and excreted through the bowel wall, and how much has passed through the gut unabsorbed. Grosser16 found that subcutaneous injection of calcium salts led to an increased excretion by the bowel, and Salvesen'7 showed that in parathyroidectomized dogs, of calcium chloride injected intravenously, nine-tenths was excreted in the faeces and one-tenth in the urine. Percival and Stewart'8 isolated the large intestine in cats and found that the intravenous administration of calcium chloride was followed by a marked increase in the excretion of calcium by the large intestine, but no change in the urinary output. Recently Bauer, Allbright and Aub'9 have published the results of an investigation of the calcium metabolism on a verb low calcium intake in 13 normal adults. On these 13 subjects there were 46 three-day periods of investigation. With the exception of a single period in one case, they found in all a negative balance of calcium, and with the exception of three periods there occurred in the faeces a greater amount of lime th an had been ingested. In one case (N.M.) of our series during each of two periods on ammonium chloride there was a greater amount of calcium in the faeces than had been ingested. From these results it is justifiable to conclude that in ammonium-chloride acidosis excretion of calcium through the bowel wall can occur. Our results also contradict the statement of Givens and Mendel2o that the increase in urinary calcium in acidosis is the result of diversion of lime from stools to urine. In our cases both the urinary and fsecal lime wsas increased in amount.
Ill one period at least (N.M., 2nd period) there was unequivocal evidence of calcium excretion by the bowel wall. Since, however, there was no alteration in the lumen of the gut other than the temporary presence of ammonium chloride which we shall show was practically completely absorbed, it seems reasonable to assume that absorption of lime was unaltered during the ammonium chloride period. The excess of feecal calcium must therefore have been the result of excretion by the bowel wall. On similar grounds it would appear that the excess of fwcal phosphorus in the ammonium chloride period was the result, not of decreased absorption, but of increased excretion through the wall of the intestine.
The investigations of Nelson2l on the mineral metabolism of patients suffering from diabetes and of epileptic subjects fed on ketogenic diets have shown that the kidneys are capable of excreting large amounts of lime. Indeed, more than half the total excretion of calcium may take place through the urinary system. In these cases there is also a slight increase in the ftecal output of lime. The presence of an acidosis, therefore, leads to an increased excretion of lime both by urine and faoces. In our series, with the exception of N.M., the percentage of linie excreted by the urine is always increased during the animonium chloride period. This would suggest that the amoult of calcium excreted by the kidneys is to some extent dependenit on the degree of acidosis. Additional support would at first glance seem to be lent to this view by the results of Shohl and Sato22, aiid Bogert and Kirkpatrick4. The former found that the addition of sodium bicarbonate to the diet decreased the urinary output of CaO and P2lo , but increased their content in the fa'ces to such an extent that the reten-tion of each was reduced. Bogert Table 6 the fsecal excretion of chloride was relatively minute both during the control and ammonium chloride periods.
During the control period there was a small retention of chlorine except in the case of J.F. where there was a very -slight negative balance. While ammonium chloride was being administered the retention was increased in every case except during the second period of N.M., which was characterized by a slight negative balance. When one comes to examine the daily figures it is plain that all the subjects reacted immediately to the extra chlorine by the excretion of a greatly increased amount of this substance in the urine. In N.G. the output was doubled on the first day, so that only about 30 per cent. of the extra chlorine had been retained. This corresponds to what happens when sodium chloride is given. Table 7 indicates the percentage exeretion of chlorine in the first 24 hours following ingestion of sodium chloride: the subject was a healthy boy aged 11 years. (Fig. 3-6) during administration of ammonium chloride shows that the peak of chloride excretion occurred on the second or third day. This was followed by a drop lasting over two or three days, which was succeeded on the fifth or sixth day by a peak reaching almost to the level of the first. In the case of N.M. there was a complete absence of the first peak but the second was quite marked. It will be noted in every case that this second peak corresponded with the maximum rise in the output of ammonia. It is therefore fair to conclude that this secondary rise in the excretion of chlorine was due to the increased ability of the kidney to supply ammonia. Indeed, a glance at the chlorine and ammonia curves following this second peak shows in every case a fairly marked parallelism indicating a correlation between these two substances. This parallelism is not noticeable during the first five days of ammonium chloride administration. There is also a fairly marked correlation between the amount of urinary chloride and fixed base both during the control and the ammonium chloride periods, with the exception of the control period of N.G. The urinary volume and chlorides also show some parallelism especially during the ammonium chloride periods. Fixed base. The output of fixed base (Table 8) was with the exception of the control period of W.C., and the second ammoniium chloridle period of N.M., somlewhat greater by the urine than by the faeces. The faecal output of base was chiefly compose(l of calcium which constituted from 70 to 90 per cent. in the control periods and 77 to 99 per cent. in the ammonium chloride periods (Table 9 ). Thus, not only did ammonium chloride increase the output of fixed base by the faeces, but it also raised the proportion of calcium to other base. In the urinie the calcium formed 5 4 to 1141 per cent. of the fixed base in the control periods ain(l 11 to 15 per cent. in the test periods. The urine, therefore, showed during administration of ammonium chloride an increase in total fixed base, and a slight rise in the relative proportion of calcium to other base. The urinary fixed base reached its maximum within three days of the commencement of administration, thereafter falling to slightly above the average level of the control period. This is in agreement with the findings of Gamble, Blackfan and Hamiltonr8 with several acid-producing salts. The retentioin of fixed base varied from 18 weight per day during the control periods. It was alwAays dilniniishe(l (lulrinig ammonium chloride administration, and was negative during both the periods of N.M., the loss being entirely accounted for by calciuni.
Metabolic reactions to acidosis.
Against the production of a non-gaseous acidosis such as is producecl by ammonium chloride the organism has the following general defences: (1) ani increase in the available base of the blood; (2) an increased excretioln of volatile acid by the lungs ; and (3) an inicreased supply of base for neutralizinig acids that are to be excreted.
(1) Increase in available base of the blood.-The fixed lase is imiaintained at a fairly constant level. By a reduction in the CO2 contelnt of the blood a certain amount of base is freed and rendered available for the neutralizationi of other acid radieles. It has been shown that the base-combining powers of protein and inorganic phosphorus are reduced with a fall in the pH of the blood, but the amount of base released by these changes in such a condition as prevails in the experiments detai ed here is practically negligible. The fall in blood-CO2, therefore, undoubtedly constitutes the chief immediate response to acidosis of the non-gaseous variety. In the subjects of this study the iinerease in available base produced by the reduction in CO2 could not have amlounited to more than 230 c.cm. N/10 (on the assumption that the bloodvolume was one-thirteenth of the body weight). This saving is indicated by the increase in titratable acidity. The response of the urinary system in this direction reaches its maximum within a very short time of the commencement of ammonium chloride administration.
The base so released amounts, however, to only a small part of that likely to be required in any but the very mildest forms of increased acid excretion,and it certainly would be hopelessly inadequate to meet the requirements of even the smallest degree of acidosis that could be recognised clinically.
mTrAIIOl ( I IRACTIO()NS TO ACIDOSIS.
The fixe(d base from the non-osseous tissues consists alnmost entirely of so(liuiim anid potassiunm, the former derived chiefly from extra-cellular, the latter being mainly an intra-cellular constituent. In either case, however, the base is associated with an equivalenit amount of acid. If this base is excrete(l, some means must be found for dealing with its anions. Of these CO, is excreted by the lungs, while protein which holds about ten equivalelnts of base is probably katabolized. With the exception possibly of some of the organic acid, the remaining anions demand their full quota of base for neutralizing purposes. The water carrying the base must also be got rid of in order to prevent an upset of osmotic equilibrium. Accordingly for every 150 c.cm. N/10 base there will be rendered available only about 40 c.cm. N/10 for neutralizing extra acid. This 40 c.cm. is made up of 24 c.cm. from B.HCO3 aind the remnainder fromiB. protein and organic salts. The efficiency ill supplying base is thus only 26 per cent., even when blood plasma is the fluid called upon, and must be less in the case of the tissue-juices where the protein content is lower. Accompanying this 150 c.cm. N/10 base will be 100 c.cm.
water which will contain its normal quota of fixed acid (Cl' ,SO" ,). The amounit of tissue fluid excreted during the ammonium chloride period is indicated by the increase in urinary volume. The chlorine content of this excess in urinary volume should, if the hypothesis put forward be correct, approximate to that of the plasma. Several further points may be noted. If the view proposed is correct, one would have expected that the bulk of the excess phosphorus would have been excreted in the urine, since output by the kidneys effects a saving of two equivalents of base per equivalent of phosphorus, whereas for faecal excretion the economy achieved is only 1 -2. The fact that the bulk of the excess phosphorus is not excreted in the urine is probably related to the fact that there is a close association between the calcium and phosphorus in the fseces.
Administration of hydrochloric acid has been shown to increase the urinary output of phosphorus. This has been attributed to a change of reaction in the intestinal lumen producing a better absorption of phosphorus. In the light of our results, which also show an increased faecal excretion, it would seem reasonable to refer both the increased urinary and faecal excretion to the necessity for providing more base in the manner indicated.
Another point of interest is the different extent to which the various mechanisms are brought into play in reacting to excess acid. For the immediate supply of base both bone and tissue-juices are called upon. The one exception to this is the ammonium chloride period of N.M., where practically all the necessary fixed base was derived from bone; less urine was passed than in the control period indicating a lack of response on the part of the tissue fluids. As to the rapidity with which the osseous tissue responds to the stimulus of an acidosis we have no data. H. L. White26 obtained an increased urinary output of phosphorus within four hours of the administration of acid, but considered this merely a temporary phenomenon. Haldane, Hill and Luck27, however, found a definite increase in the urinary output of phosphorus for 24 hours following the ingestion of large amounts of CaCl2. On the other hand Gamble, Blackfan and Hamilton8 observed no significant change in phosphorus excretion after the intake of moderately large amounts of acid. 1. The effect of prolonged administration of ammonium chloride on the metabolism was studied in four apparently normal children, in none of whom was produced any clinical manifestation of acidosis.
2. Chemical changes in blood. (a). The CO2 was reduced; the reduction almost always reached its maximum early in the administration of ammonium chloride.
(b). The chlorine was moderately increased. The increase in chlorine did not exactly balance the deficiency in CO2.
(c). The fixed base remained within normal limits except in one case where it was reduced by 15 milli-equivalents.
(d). The calcium was slightly increased and the phosphorus slightly diminished.
(e). The non-protein nitrogen was slightly increased but within normal limits.
Metabolism. (a).
There was an increased output of calcium both by urine and faeces and consequently a decreased retention. Evidence is adduced in favour of the excretion of calcium through the bowel wall.
(b). There was an increased excretion of phosphorus by urine and fseces and a diminished retention.
(c). There was a slightly increased retention of chlorine. There were usually two peaks in the excretion of chloride: they occurred about the second and sixth days. The second peak usually coincided with the maximum output of ammonia.
(d). There was an increased excretion of fixed base both by urine and feeces. The extra fsecal base consisted chiefly of calcium.
4. The metabolic reactions to acidosis are discussed, and it is suggested that the increase in the output of calcium and phosphorus is the result of the response of the osseous tissues and forms a reaction of prime importance in the defence of the organism to acidosis. Evidence is brought forward from the result of the study in support of this thesis.
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